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摘  要 
离子型谷氨酸受体 (ionotropic glutamate receptors，iGluRs)是一种跨膜的阳
离子通透性配体门控型离子通道，是中枢神经系统（central nervous system, CNS）
中兴奋性神经传递的主要介导者。iGluR家族中的 α-氨基-3-羟基-5-甲基异恶唑-4-
丙 酸 受 体  (α-amino-3-hydroxy-5-methylisoxazole-4-propionic acid receptors, 
AMPARs)主要介导快速兴奋性神经传递，表达并维持长时程增强效应（long-term 
potentiation , LTP），是学习和记忆的基本元件。AMPAR 的功能障碍与许多神经
性疾病的发生有关。AMPAR 也因此成为治疗这些疾病的重要靶点之一。本论文
解析了 GluA1 蛋白氨基末端结构域的晶体结构，并运用荧光热稳定性检测技术
筛选 iGluR 的潜在配体。下面分两部分来讲述: 
第一部分 GluA1 蛋白氨基末端结构域的晶体结构 
与其他 iGluR 成员一样，AMPAR 只能特异性地与本亚家族受体的亚基组装
成四聚体离子通道。一般认为，这一组装过程是由位于胞外的氨基末端结构域




在本研究中，我们解析了分辨率为 2.5 Å 的 GluA1-ATD 蛋白晶体结构。经过
详细的结构分析，我们发现 AMPAR-ATD 的同二聚化主要是由高度保守的 L1
结构域间相互作用来介导的，其 L2 结构域则具有相对较高的柔性。我们推测各
个AMPAR-ATD在同二聚化亲和力方面的差异可能与它们在L2结构域柔性上的
差异有关。虽然 GluA1 和 GluA2 的二聚体内作用界面是高度相似的，通过免疫
共沉淀（co-immunoprecipitation, co-IP）实验，我们观察到了他们之间可形成较
弱的异二聚体。综合这些数据，我们推测 AMPAR-ATD 本身可能不足以驱动异




















式主要是由 S-loop 介导的。由于 S-loop 具有亚家族特异性，这种“头对头”式的
组装，可能是引导 iGluR 同亚家族亚基进行选择性组装的关键决定步骤。这一独
特的AMPAR四聚体集合方式同时也暗示了在突触膜处高浓度的AMPAR是如何
簇集的，并从结构生物学角度证明了 ATD 参与跨突触信号转导的可能性。 
第二部分 运用荧光热稳定性检测技术筛选 iGluR 的潜在配体 
以蛋白质结构为基础的药物设计是当今新药研发的重要手段，也是未来药物
开发的主要趋势之一。我们以 GluA2-ATD 蛋白的晶体结构为基础，通过虚拟文
库筛选（virtual library screening, VLS），找到了 65 个候选化合物。运用荧光热稳
定性检测方法(ThermalFluor assay)对这 65 个化合物进行了初步鉴定，未发现能
显著改变 GluA2-ATD 蛋白熔点（melting temperature, TM）的化合物。目前我们
正尝试用电生理学方法对这些化合物进行重新检验。 
针对 NMDA 型谷氨酸受体（N-methyl-D-aspartate receptor, NMDAR）的药物
的副作用一直是困扰患者、医生以及研究者的重要问题。GluN3 作为 NMDAR
家族中 独特的成员，自然也成了新药开发的重点对象。我们通过 ThermalFluor
方法，发现在有/无配体存在的情况下，不论 GluN1-LBD 还是 GluN3A-LBD 的
TM 值都显示出了巨大的差异，初步证明了运用该方法进行 GluN3A 配体的高通
量筛选的可行性。目前我们已与强生公司建立了合作伙伴关系，运用




















Ionotropic glutamate receptors (iGluRs), which form transmembrane, cation- 
permeable ligand-gated ion channels, are the major mediators of excitatory 
neurotransmission in the central nervous system (CNS). Among the iGluRs, 
α-amino-3-hydroxy-5-methylisoxazole-4-propionic acid receptors (AMPARs)are 
essential for both memory and learning,by mediating the majority of fast synaptic 
transmission, as well as the expression and maintainanceof long-term 
potentiation(LTP). The malfunction of AMPARs is associated with many neurological 
diseases and that also makes AMPARs potential therapeutical targets. In this study, we 
determined the crystal structure of GluA1-ATD, and screened the potential ligands of 
iGluRs using ThermalFluor assay.  
Part I. Crystal structure of GluA1 amino-terminal domain 
Like subunits from other iGluR subtypes, AMPARs only form tetrameric ion 
channels with subunits from the same family. It is commonly accepted that 
theinitiation of AMPAR assembly is mostly controlled by the extracellular 
amino-terminal domain (ATD). However, the underlying mechanism is still elusive 
thus far. Besides being responsible for the receptor assembly, the ATD is also involved 
in synaptogenesis, receptor trafficking and trans-synaptic signal transduction, 
throughnot-yet-clarified mechanisms. In this regard, structural studies on ATD not 
only shed light on our understanding of its biological properties, but also provide 
insights into the relationship between its conformation and function. 
In this study, we determined the GluA1-ATD crystal structure at 2.5Å resolution. 
By detailed structural analysis, we have found that the dimerization of AMPAR-ATDs 
is mostly mediated by the highly conserved N-terminal L1-L1 interactions. The 
C-terminal L2 domain has relatively higher flexibility.We postulatethat the flexibility 
of L2 is responsible for the difference in homodimerization affinities of 
AMPAR-ATDs. Although the intra-dimer interfacesare highly conserved, we observed 
weak hetero-dimerization between theATDs of GluA1 and GluA2by 
co-immunoprecipitation assay. Altogether, we conclude that the AMPAR-ATD by 
itself is insufficient to drive the hetero-assembly, which is highly preferred in vivo. In 
addition, the ligand-binding domain (LBD) and transmembrane domain (TMD) 















Crystal lattice analysis of our GluA1-ATD structurereveals a novel inter-dimer 
interface that is significantly different from the known ‘dimer of dimers’ interface. 
This new ‘head-to-head’ interface,with a buried area up to 1900 Å2,is mostly mediated 
by the Specificity loops (S-loops) in the L1-L1 domains. Given the subfamily 
specificity of the S-loop, this ‘head-to-head’ assembly could be the key determinant to 
guide the association of subunits from the same family. This unique inter-tetramer 
association provides a model which demonstrates how highly concentrated AMPARs 
cluster on the synaptic membrane. It also impliesthat AMPAR-ATDs could be 
involved in trans-synaptic signal transduction. 
Part II. Screening of potential iGluR ligands using ThermoFluor assay 
Structure based drug design is now an indispensable part of drug discovery 
process. Base on our high-resolution structure of GluA2-ATD, we performed virtual 
library screening (VLS) and identified 65 lead compounds. We then measured the 
melting temperature (TM) shifts of GluA2-ATD together with those compounds, 
respectively. However, no compound that significantly changed the TM of the protein 
was identifiedin this study. We havenow launched an electrophysiological assay to 
re-test these compounds. 
The side effects of drugs targeting conventional N-methyl-D-aspartate 
receptors(NMDARs) are a major concern for patients, doctors and researchers. As a 
unique member of the NMDAR family, GluN3 hasnow become an important target 
for drug development. As a proof of principle, with ThermalFluor assay,we found that 
the proteins at apo-state and ligand-bound state showed significantly differentTM.The 
dramatic TM shifts were observed for both GluN1-LBD and GluN3A-LBD. We are 
now performing a high-throughput screening of potential GluN3A ligandsin 
collaboration with Johnson & Johnson. 
 
 
Keywords ： α-amino-3-hydroxy-5-methylisoxazole-4-propionic acid receptor 


















英文缩写 英文全名 中文名称 
ADAR2 adenosine deaminase2 腺苷脱氨酶 2 
AMPAR 
alpha-amino-3-hydroxy-5-methylisoxazole-
4-propionic acid receptors 
α-氨基-3-羟基-5-甲基
异恶唑-4-丙酸受体 
ATD amino-terminal domain 氨基末端 
bp base pair 碱基对 
CNIH Cornichon protein Cornichon 样蛋白 
CNS central nervous system 中枢神经系统 
Co-IP co-immunoprecipitation 免疫共沉淀 
DNase I deoxyribonuclease I 脱氧核糖核酸酶 I 
EC50 effect concentration 50% 半数效应浓度 
EDTA ethylenediamine tetracetic acid 乙二胺四乙酸 
Endo H endo-β-N-acetylglucosaminidase H 内切糖苷酶 H 
ER endoplasmic reticulum 内质网 




KA kainate acid 红藻氨酸 
Kd dissociation constant 解离常数 
kDa kilo-Dalton 千道尔顿 
LBD ligand-binding domain 配体结合结构域 
LTD long-term depression 长时程抑制效应 
LTP long-term potentiation 长时程增强效应 
mm milimeter 毫米 
mM milimole 毫摩尔 
Narp neuronal activity regulated pentraxin 神经活性调节穿透素 
Ni-NTA Ni2+-nitrilotriacetate 镍-次氮基三乙酸酯 
NMDAR N-methyl-D-aspartate receptor 
N-甲基 -D-天冬氨酸
受体 
NPR natriuretic peptide receptor 钠尿肽受体 
PCR polymerase chain reaction 聚合酶链式反应 
PEG poly(ethylene glycol) 聚乙二醇 
pI isoelectric point 等电点 
PNGase F peptide-N-glycosidase F 肽-N-糖苷酶 
PSD-95 postsynaptic density 95 突触后致密物 95 
RMSD root mean square deviation 均方根偏差 
RNaseA ribonuclease A RNA 酶 A 
SDS sodium dodecyl sulfate 十二烷基磺酸钠 
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